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BSA：bovine serum albumin，牛血清白蛋白 
DTT：dethiothreitol，二硫苏糖醇 
EDTA：thylene minetetraacetic acid，乙二胺四乙酸 
ELISA：enzyme-linked immunosorbent assay，酶联免疫吸附测定法 





ISH：in situ hybridization，原位杂交 
LC-ESI-QTOf：quadrupole time of flight hybrid，杂交四矩飞行时间质谱 
MALDI-TOF MS：matrix-assisted laser desorption ionization-time of flight 
mass spectrometry，基质辅助激光解吸电离飞行时间质谱 
MBP：maltose binding protein, 麦芽糖蛋白 
ORF：open reading frame，开放阅读框 
PAGE：polyacrylamide gel electrophoresis，聚丙烯酰胺凝胶电泳 
PMSF：phenylmethyl sulfonyl fluoride，苯甲基磺酰氟 
PTA：phosphotungstic acid，磷钨酸 
RGD：Arg-Gly-Asp，细胞粘附结构域 
SDS：sodium dodecyl sulfate，十二烷基磺酸钠 
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摘   要 
 
对虾白斑综合症病毒(white spot syndrome virus, WSSV)是一种具有囊膜、
无包涵体的杆状双链环状 DNA 病毒，也是严重危害对虾养殖业的 主要病原。本
论文围绕病毒膜蛋白开展研究，包括以下三个部分：(1)质谱分析发现病毒膜蛋
白 VP13A 是 ORF wsv284 的编码产物。随后在 E.coli BL-21 菌株中表达纯化了
GST-VP13A-His 并制备了相应的抗血清。利用 GST pull-down 和 Far-Western 
blotting 分析发现 VP13A 和另一个病毒膜蛋白 VP24 有相互作用。(2)WSSV 的膜
蛋白 VP31 和 VP33 都具有 RGD 序列，推测该结构域在这两种蛋白和宿主细胞的结
合中起重要作用。分别可溶表达并纯化得到这两种全长蛋白以及 RGD 序列被 RDG
所替代的突变蛋白。间接免疫荧光染色和 RGD 竞争抑制实验显示，只有野生型蛋
白能结合螯虾血细胞，而这种结合又能被含 RGD 序列的多肽抑制，证实了 VP31
和 VP33 对宿主细胞的粘附是由 RGD 结构域所介导的。(3)病毒具有自我组装的机
制，一般是由 ATP 酶起作用，推测 WSSV 也有自身编码的 ATP 酶。利用试剂盒检
































White spot syndrome virus (WSSV) is a large, rod-shaped, enveloped 
double-stranded DNA virus which has caused massive losses in the shrimp 
farming industry. This paper is concerned about the envelope proteins, 
covering three major parts below: (1) Recently, ORF wsv284 was found to 
encode an envelope protein VP13A by proteomic analysis. In this study, 
VP13A gene was expressed in E. coli as a GST and (His)6-tagged fusion 
protein and the specific polyclonal antibody was raised to investigate 
its biological function. GST pull-down assay showed that VP13A interacted 
with some envelope proteins of WSSV. Furthermore, Far-Western blotting 
confirmed that VP13A interacted directly with VP24, a major WSSV envelope 
protein. (2) Two of the envelope proteins, VP31 and VP33, each of them 
contains an RGD motif which was supposed to play an important role in the 
interactions between envelope proteins and host cells. Using specific 
primers, we amplified the VP33 mutational gene fraction encoding RDG 
peptides, then the wild and mutational proteins of VP31 and VP33 were 
expressed and purified seperately. The results of indirect immuno- 
fluorescence microscopy and competitive inhibition assays showed that 
only the wild proteins were capable of attaching to crayfish haemocytes, 
and the adhesion could be inhibited by the synthetic RGD peptides. (3) 
Some kinds of virus have their own genome packaging mechanisms by using 
ATPase, and it was presumed that WSSV had self-encode ATPase. The result 
of WSSV ATPase activity detection showed faint enzyme activity by using 
ATPase detection kit. In this part, sucrose gradient centrifugation was 
adopted to separate different forms of WSSV efficiently. 
To sum up, it will make great sense to study the properties and 
interactions between envelope proteins and the host cells which may help 
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of WSSV. Furthermore, researchs into the exact molecular mechanisms of 
virion morphogenesis will lay the scientific basis for WSSV prevention. 
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WSSV 的宿主非常广泛，已发现和确定的有近 40 种。世界上所有的人工养殖
对虾种类、大部分野生虾蟹类等都是 WSSV 的宿主。主要养殖对虾斑节对虾 
(Penaeus monodon)、日本囊对虾(Marsupenaeus. Japonicus)、中国明对虾
(Fenneropenaeus chinensis)、长毛明对虾(F. penicillatus)、凡纳滨对虾
(Litopenaeus vannamei)、刀额新对虾(Metapenaeus ensis)及野生短钩对虾(P. 
semisuleatus)、脊尾白虾(Exoplaemon carinicauda)体内均能检出 WSSV 阳性，
它们是 WSSV 的敏感宿主。野生虾 E. orientalis、Trachyenaeus cuvirostris、
M. ensis、沼虾 Macrobrachium sp、克氏原螯虾 Procambarus clarkii， 野生
蟹子 Calappa lophos、Portunus sanguinolentus、Charybdis granulata、C. f 
eriata 、 Hemigrapsus sanguineus 和野生龙虾  Panulirus ornatus 、 P. 
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